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‘111ch4ars(  icoscicjlccA crol>ot  (h4(iA) isaproposd  h4arsacrobot  (ro~>otic  acrovclliclc)  lllissiol~
ka[uring  advanced capabilities for surfacx  ima~,in:,  and atmmphcric  scicmcc. 1 kvclopmcn(  of’ the
h4(iA miss ion  has  been catalymd by scicncc ol>icc[ivcs  thal inc lude  s~lrfhcc  :,colo[j,y  ad
atmospheric mcasurcmcnts.  of primaty  p,co]op,ic interest is Illc nature and structure of water-lain
dqmits in tk northern lowlands. in terms of atmospheric scicncc, Incasllrclncl)ts  o f
(cmpcraturc,  pressure, winc{s, IJ{ spcc(la ofdust, :itd atmosphmic  constituents arc plannc(i.  ‘1’hc
h4(iA consisls of’s supcrprcswrc  ba l loon  that is rcllccti\e  on top an(i wlli(c ON Ihc bottom to
av{~id  condcmsation  of (X)2 frost durinp, the ni~, ht. ‘]’hc h4(; A also fcalurcs a “smatl” :,ondola  wi[h
autonomous navip,ation capabilities Ih:it cmablc  the acquisition of s[atc-driven, scqucmcd,  hig,h -
rcsolution  i m a g e s  b a s e d  on the  ab i l i t y  to (Ictwninc pos i t ion ,  :ittitu(lc, and ve loc i t y  usin:, cclcstia]
rcfcrcmcs,  inulial  sensors, and image data,

]:lip,h[ tmjcctory  predic t ion  i s  an intcgrai patl of h4(iA miss ion  dcvc]opmcnt,  bcxxiusc  [hc
cxpcdcd  flight ploiilcs (a) dclcrminc  which pat”ls  ofh4:irs c:ill  bc I’casonab]y  cxp]orcd by ba[lo(~n,
(b) drivq the balloon  design, and (c) arc used Ii)r scicncc  sequencing and navigational cross-
checks once in flight. l)cvelopmcnt ofthc h4ars IIallm)n ‘1’r:ijcctory h40dcl  (h411’1’h4) has bcm at]
csscmtial  clcmcnt  ofthcplanning  and design ofthc h4(; A mission. ‘1’hch411”l’M  W[W(]CVC]C)PC(]  :IS

par( of {Ilc M(iA feasibili ty study rcccntly ct)]l(iuctcd  h! [hc I’[anctary Acrobot  l’rogram ofthc
.ict l’mpulsion  l.almratory  ill coll,lunction \vitll  NIASA- W a l l o p s  ]slat]ci,  l,ocktlcc(l-M:lt[it]
Acmspacc.,  (;NI;S (I;rancc), and the Space l)ynamics laboratory. ‘1’ltis ]Jii]lcr lll’csctlts  (ict:tils[)f
and rcsul(s from the h413rl’h4, an intcp,ratcd  thcrmtl, vertical, and traicctory  modci  for hall(wn
fliglltat  Mars.

‘I”IIc h411’1’h4  consists ofasct ofdiffcrcntial  cqualions  i~llicl~(lcscri(>ctt~c  motion  and tlw thcm~al
pcrlc~rmancc ofthc balloon systcm. ‘1’l]c  inputs to tllc h411’1’h4  arc tllc  balloon des ign  an(i Ihc
initial conditims  forthc flight, including the inilial location, time, and thermal state. ‘1’hc mode]
prcdicls  tllcllll(~(lyllalllic  p{iramctcrs (tcmpcratllrc {)ftllc’  ballo[~n  g,as and t~alloon  filmj and t h e
INIIIoOJ)  lraicctory.

‘1’l]c  h411’1’h4  NSCS the h4ars (icJ)cral (:irc[il:itioll h40dcl  ((i(’M) dcvclopd  at NASA Ames to
(Ictcrminc the lmal atmospheric conditions :it any ins[ant ia time. ‘1’hc C;(; M silllula(cs  the
dynamics ofthc. h4artian atmmphcrc on a :,1oIMI scale, much like ~vcathcr  modc]s for the l{ar(h.
Atmospheric parameters available from the (i(~h4 include winds,  solar radiation (dircd, upward

diffuse, and downward ciiffusc), infrared radia[iol~  (upward and dotlmward),  lcmJ>craturc,
prcsslll”c , ald topography.” ‘1’hc Ci(1h4 J~rovidcs  16 da ta  points  pcr h4ar[ian day on a gr id  0(7
vcrticat divisions, 25 latitude divisions, and 40 l o n g i t u d e  divisiol)s. l:(~~lr-(lil)lcllsi(lli:ll
interpolation pm~’i(ics  appropriate data bctwccn mwicl p,ri(ipoin[s.

A promising (icsign forthc MGA involves [i ?-l-m (iiamctu , spherical, s[I]>cllJressLJlc  balloon. a
sophisticatcxi  scicncc  p,ondo]a weighing 15 kp,, atl(i  up [0 3 kg, of cicployablc  scientific ballast
]>ac.kap,cs.'  l'llc\>:\lioolli sdcsip,ilc(lt  (Jfl()at  m~orcthan6.5  klllal>ovct  llc]31atlctary(  iatlltl),all(itllc
h411’1’M shows that long-duration, 90-ciay  m i s s i o n s  a r c  p o s s i b l e  u s i n g  adv:incc~i  c o m p o s i t e

m a t e r i a l s  for (IIC balloon cnvclopc. Simulatmi lmjcctorics  show that several West-to-llast
transects arc pmsiblc,  covering lmndrccts of tlmusan(is  of kilometers and more than 30 cicgrccs
l:ititwic. IIorimntal  spcccisxangc  from a maximum of80 rds to alllirkillllllllofal]o~it  10 m/sor
less with a nomin:i] caslward  vc]ocity  of nearly 40 rids. ‘1’hcsc  velocities lcaci to circling tllc
~~lanct  about  ol~cc  every 5 clays at 300 la[ilu(ic,  l)ifjjcultics  arc obscrvcci w]Icn crossing tllc
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equatorial mountain ranges, but ballast drops arc shown to bc an cffcctivc  means  of cxlcnding
flight time by providing altitude change.
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